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Abstract
Mesenchymal stem cells (MSCs) have the ability of self-renewal and differentiation into multiple tissues. The 

senescence of MSCs may involve some age related disease and autoimmune disease such as SLE. Senescent MSCs 
may limit MSCs clinical application. Thus, analysis of in vitro senescence in MSC is crucial for quality control of MSCs 
preparations used for therapeutic application. This review summarizes recent advances about main characteristics of 
senescent MSCs, molecular mechanisms and signal pathway of MSCs senescence.

Mesenchymal stem cells (MSCs) have the ability of self-renewal and differentiation into multiple tissues. Unlike 
other stem cells, MSCs have characteristics of a low expression of major histocompatibility complex class I and the 
absence of co-stimulatory molecules such as CD80, CD86 or CD40. Therefore, there is no problem with tissue matching 
and immune rejection when transplantation of MSCs in treatment of certain autoimmune diseases. MSCs have some 
significant effects on immune modulation. MSCs modulate both innate and adaptive immunity, and such properties are 
promising use to clinical applications directly. Due to their unique biological and immunological properties, MSCs raise 
high hopes for cell-based clinical therapies and their use is concurrently tested in various clinical trials . MSCs-based 
therapies may be an interesting way for autoimmune diseases and inflammatory, as supported by approximately 3500 
trials on adult stem cells. Recently, several research have demonstrated the efficacy of expanded MSCs infusion 
for diseases including Acute Graft Versus Host Disease (GVHD), osteoarthritis, Crohn’s disease, Liver diseases, 
Diabetes, Heart diseases, Limb ischemia, SLE and Neurological diseases . 

However, several factors influence the effective use of MSCs in clinical application, in particular by the relatively 
small yield of cells from adult tissues. Some studied showed that only ~2000 cells were isolated from one bone marrow 
aspirate at times and the number of MSCs is quite low for and infusion and cell-based clinical therapies. Therefore, the 
development of techniques to obtain a sufficient number of primary cells and the study for effective expansion were a 
prerequisite for MSCs therapeutic approaches.
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Characteristics of Mesenchymal Stem Cells 
Multipotent MSCs are adult mesenchymal, non-hematopoietic 

stem cell that can be obtained from a variety of tissues, including 
bone marrow, adipose-tissue, dental pulp, umbilical cord blood, and 
placenta. An important characteristic of MSCs is their plasticity [1-
8]. MSCs have the potential to differentiate into cell derivatives of the 
mesenchymal lineage, including adipocytes, osteocytes, chondrocytes 
and myocytes [9,10]. MSCs are also characterized by potential of long 
term self-renewal. MSCs have been defined as a heterogeneous stem 
cell population by the International Society of Cellular Therapy. Three 
minimal criteria for the identification of MSCs: 1) MSCs must adhere 
to plasticity under standard tissue culture conditions; 2) expression of 
CD105, CD73 and CD90, and non-expression of CD45, CD34, CD14 
or CD11b, CD79α or CD19 and HLA class II as measured by flow 
cytometry; 3) MSCs must also be able to differentiate to osteoblasts, 
adipoblasts and chondroblasts in vitro [11].

Additional, MSCs exhibit immunosuppressive and healing 
capacities by improving angiogenesis and preventing apoptosis and/or 
fibrosis through the secretion of paracrine mediators [12]. MSCs were 
able to home the sites of inflammation following tissue injury after 
injected intravenously. MSCs secreted a large spectrum of bioactive 
molecules and these factors will promote tissue regeneration and the 
damaged tissue repair. The production factors by MSCs provide benefit 
through: increased proliferation and surivival of endogenous cells; 
induced angiogenesis; anti-inflammatory effects; anti-apoptotic effects; 
immunomodulatory effects and even the transfer of mitochondria [13-
15]. 

Main Characteristics of Senescent MSCs
MSCs have a limited number of divisions in vitro as any normal 

somatic cells before entering a state of replicative senescence. In 
this state, they are morphologically characterized by flattened and 
enlarged cell shapes. They stop dividing further but remain viable and 
increase expression of senescence-associated β-galactosidase (SA-β-
Gal). Leonard Hayflick first described this phenomenon in the 1960s 
[16]. The characteristics of the same origin senescent MSCs are very 
similar. The expression of specific surface markers of senescent MSCs 
attenuated when compared to early-passage cells, but their qualitative 
characteristics do not reveal the presence of any distinct epitopes [17]. 
Senescent MSCs display an excess of actin stress fibers, decreased 
adherence to plastic surfaces, and increased auto-fluorescence level, 
which is a sign of lipofuscin accumulation [18]. Previous studies 
showed that in prolonged MSCs cultivation of SA-β-Gal activity 
increases [19]. The percentage of SA-β-Gal positive cells in the last 
passages of MSCs cultures reaches approximately 80%, which indicates 
about a four-fold increase throughout cell lifespan [17,19]. Altered 
expression of senescence-associated gene is in line with the changes in 
morphology and cell biology. Also, in murine MSCs molecular genetic 
changes happen during aging and are then conserved during passage in 
culture, likely affecting the physiological functions and the potential of 
autologous MSCs for stem cell therapy [20]. Thus, analysis of in vitro 
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senescence in MSC is crucial for quality control of MSCs preparations 
used for therapeutic application. 

Molecular Mechanisms of MSCs Senescence
Various effectory mechanisms involve MSCs senescence. 

Shortening of telomere length, decreased telomerase activity, loss of 
genomic and mitochondrial genomic integrity due to DNA damage and 
progressive loss of DNA repair ability and epigenetic alternation have 
all been suggested to contribute to senescence [21]. As in lymphocytes, 
amniocytes and fibroblasts, the telomeres of MSCs have a specific and 
largely conserved telomere length pattern on individual chromosome 
ends [22]. One of the molecular mechanisms is believed to be co 
responsible for senescence of MSCs such as the lack of a detectable 
telomerase activity [23,24]. It has been postulated that progressive 
shortening of the telomeres or modified telomeric structure has been 
correlated with replicative senescence [25,26]. 

High expression of p53 and its downstream target p21Cip1 triggered 
a telomere-dependent manner, growth cessation in senesce cells [27]. 
The action of tumour suppressor p53 in cell cycle regulation is to keep 
the cell from progressing through the cell cycle when DNA damage 
is present, either by keeping the cell at a checkpoint until repairs are 
made, or by causing the cell to enter apoptosis when the damage cannot 
be repaired [21,28]. There is also evidence that senescence involves 
oxidative stress DNA, strand breaks, and accumulation of the cyclin-
dependent kinase inhibitor p16INK4a [29-31]. The p16INK4a involves 
growth arrest and induces cellular senescence, and its expression 
improves age-dependency, in line with the accumulation of senescent 
cells [32]. We have found that MSCs from SLE show senescent 
characteristic. We also found p16INK4a expression levels was increased in 
senescence MSCs, whereas levels of CDK4, CDK6 and p-Rb expression 
were decreased in senescence MSCs. Knockdown of p16INK4a expression 
reversed the senescent features of MSCs. overexpress of p16INK4a 
expression unchanged levels of p53 and p21Cip1 in senescent MSCs 
[33,34]. These findings further demonstrated that p16INK4a expression 
in senescent MSCs correlates positively with the SA-β-Gal activity and 
negatively with proliferation marker Ki67. 

One of the main reasons leading to DNA damage and cell 
senescence is oxidative stress [35]. In aging, an increased production 
of free radicals causes oxidative stress through oxidative metabolism, 
as such it has been indicated that lower amount of mitochondrial 
ROS can be detected in long-lived species [36]. The proliferation and 
replicative lifespan of were markedly increased after treated with 
antioxidants such as ascorbic acid or resveratrol [37]. Recent studies 
have demonstrated that ROS generation could induce cell senescence 
by induced DNA damage response [38]. 

Shortening of telomere length, decreased of telomerase activity 
triggered the process of MSCs senescence. The expression level of p16 

INK4a and p53/p21Cip1 is increased in senescent MSCs (Figure 1). Cells that 
eventually exhaust their capacity to divide a flattened and enlarged cell 
shapes, increased SA-β-Gal positive cells ratio, accumulated generation 
of ROS, and increased content of the lipid per-oxidation product.

Signalling Involved in MSCs Senescence
In adult mammals, Wnt/β-catenin signalling is crucial for regulating 

cell proliferation, cell fate determination, apoptosis, and axis polarity 
induction [39]. Some recent studies have shown that activated Wnt/β-
catenin signaling is an important mediator of MSCs aging induced by 
old rat serum [40]. DNA damage response and p53/p21 pathway have 
an important role in MSC aging induced by excessive Wnt/β-catenin 

signaling. DNA damage response induced cell senescence through 
the p16INK4a gene or the p53/p21 pathway [41]. Active Wnt/β-catenin 
signaling could improve the oxidase activity [42]. The expression 
of γ-H2A.X, p16INK4a, p53, and p21 is increased in senescent MSCs 
induced with old rat serum, and is also reversed by the Wnt/β-catenin 
signalling inhibitor DKK1 or by β-catenin siRNA. The activated c-myc, 
a target gene of Wnt/β-catenin signalling, induces cellular senescence 
by promoting p16INK4a expression [43].

TGF-β has been found to induce cellular senescence of keratinocytes 
[44]. The gene expression profile analysis indicated that the expression 
of TGF-β1, TGF-β2, and TGF-β receptor type I increased significantly 
in senescent MSCs. TGF-β1, TGF-β2 inhibits MSCs growth and 
contributes to premature cell senescence with high expression of 
p16Ink4a and p53/p21Cip1 [45].

FOXO transcription factors regulate downstream target genes that 
affect cellular differentiation, cellular survival, cellular metabolism, 
cell-cycle arrest and oxidative stress responses [46]. The aging process 
down-regulates the levels of FOXO; binding activity is enhanced 
through PI3K/Akt pathways. Furthermore, this age-dependent 
decrease of FOXO via inhibiting PI3K/Akt pathways can be blocked 
by calorie restriction. PI3K/Akt-mediated the activation of FOXO1 
causing decreased catalase levels and increased cellular ROS. FOXO3a 
and FOXO4 protect quiescent cells in vitro from oxidative stress [47]. 
The phosphorylation of FOXO3 impairs the activation of FOXO3, 
resulting in cytoplasmic sequestration and inhibition of its downstream 
transcriptional activity, which produced high levels of ROS and causes 
senescence [48]. Recent study have shown that intracellular ROS 
(reactive oxygen species) levels of SLE MSCs were higher than those of 
normal controls, with the activation of PI3K/AKT/FOXO3 signalling 
pathway [48].

MSCs senescence
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Figure 1: The possibe mechamism by which p53/p21 and p16INK4a modulate 
MSCs senescence. Oxidative stress and DNA damage induce MSCs 
senescence by activating the ATM/ATR pathway and Chk1/Chk2 to stabilize 
p53/p21. Oxidative stress can indirectly induce DNA damage. Oxidative stress 
and DNA damage can also cause high expression of p16INK4a. Up-regulate 
the expression of p53/p21 and p16 INK4a increase the expression of the active, 
hypophosphorylated Rb. Activated Rb pathway can make cells enter cell cycle 
phase arrest that eventually contributes to MSCs senescence.
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In conclusion, the senescence of MSCs presents a big challenge 
for large-scale ex vivo expression and maintenance of MSCs stemness. 
The senescence of MSCs may involve some age related disease such 
as SLE. In this review, we summarize the characteristics of MSCs, 
senescent MSCs and molecular mechanisms, signalling involved in 
MSCs senescence. Analyzing the mechanisms of controlling MSCs 
senescence provides a target therapeutic application for age related 
disease.

Acknowledgments

This work was supported by Natural Science Foundation of China Grant (NO. 
81172841); Natural Science Foundation of Jiangsu Colleges and Universities 
Grant (No. 09KJB320010, 10KJB320012); “Top Six Types of Talents” Financial 
Assistance of Jiangsu Province Grant (No. 6 and No.7); Jiangsu province's 
Outstanding Medical Academic Leader Program (LJ201135, LJ201136); Science 
Foundation of Nantong city Grant (No. HS2011054); A project from Bureau of 
Jiangsu Province (Z2010005); Preventive Medicine Projects from Bureau of 
Jiangsu Province (Y2012083).

References

1.	 Wagner W, Ho AD (2007) Mesenchymal stem cell preparations--comparing 
apples and oranges. Stem Cell Rev 3: 239-248.

2.	 Le Blanc K, Rasmusson I, Sundberg B, Götherström C, Hassan M, et al. 
(2004) Treatment of severe acute graft-versus-host disease with third party 
haploidentical mesenchymal stem cells. Lancet 363: 1439-1441.

3.	 Bouffi C, Djouad F, Mathieu M, Noël D, Jorgensen C (2009) Multipotent 
mesenchymal stromal cells and rheumatoid arthritis: risk or benefit? 
Rheumatology (Oxford) 48: 1185-1189.

4.	 Ciccocioppo R, Bernardo ME, Sgarella A, Maccario R, Avanzini MA, et al. 
(2011) Autologous bone marrow-derived mesenchymal stromal cells in the 
treatment of fistulising Crohn's disease. Gut 60: 788-798.

5.	 Castro-Malaspina H, Gay RE, Resnick G, Kapoor N, Meyers P, et al. (1980) 
Characterization of human bone marrow fibroblast colony-forming cells 
(CFU-F) and their progeny. Blood 56: 289-301.

6.	 Simmons PJ, Torok-Storb B (1991) Identification of stromal cell precursors in 
human bone marrow by a novel monoclonal antibody, STRO-1. Blood 78: 55-
62.

7.	 Bruder SP, Jaiswal N, Haynesworth SE (1997) Growth kinetics, self-renewal, 
and the osteogenic potential of purified human mesenchymal stem cells during 
extensive subcultivation and following cryopreservation. J Cell Biochem 64: 
278-294.

8.	 Sotiropoulou PA, Perez SA, Salagianni M, Baxevanis CN, Papamichail M 
(2006) Characterization of the optimal culture conditions for clinical scale 
production of human mesenchymal stem cells. Stem Cells. 24: 462-71. 

9.	 Krampera M, Pizzolo G, Aprili G, Franchini M (2006) Mesenchymal stem cells 
for bone, cartilage, tendon and skeletal muscle repair. Bone 39: 678-683.

10.	Augello A, Kurth TB, De Bari C (2010) Mesenchymal stem cells: a perspective 
from in vitro cultures to in vivo migration and niches. Eur Cell Mater 20: 121-
133.

11.	Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach I, Marini F, et al. (2006) 
Minimal criteria for defining multipotent mesenchymal stromal cells. The 
International Society for Cellular Therapy position statement. Cytotherapy. 8: 
315-7. 

12.	Norambuena GA, Khoury M, Jorgensen C (2012) Mesenchymal stem cells in 
osteoarticular pediatric diseases: an update. Pediatr Res 71: 452-458.

13.	Phinney DG, Prockop DJ (2007) Concise review: mesenchymal stem/
multipotent stromal cells: the state of transdifferentiation and modes of tissue 
repair--current views. Stem Cells 25: 2896-2902.

14.	Shyu KG, Wang BW, Hung HF, Chang CC, Shih DT (2006) Mesenchymal stem 
cells are superior to angiogenic growth factor genes for improving myocardial 
performance in the mouse model of acute myocardial infarction. J Biomed Sci 
13: 47-58.

15.	Hung SC, Pochampally RR, Chen SC, Hsu SC, Prockop DJ (2007) Angiogenic 
effects of human multipotent stromal cell conditioned medium activate the 
PI3K-Akt pathway in hypoxic endothelial cells to inhibit apoptosis, increase 
survival, and stimulate angiogenesis. Stem Cells 25: 2363-2370. 

16.	Hayflick L (1965) The Limited in vitro Lifetime of Human Diploid Cell Strains. 
Exp Cell Res 37: 614-636. 

17.	Wagner W, Horn P, Castoldi M, Diehlmann A, Bork S, et al. (2008) Replicative 
senescence of mesenchymal stem cells: a continuous and organized process. 
PLoS One 3: e2213.

18.	Ksiazek K (2009) A comprehensive review on mesenchymal stem cell growth 
and senescence. Rejuvenation Res 12: 105-116.

19.	Vacanti V, Kong E, Suzuki G, Sato K, Canty JM, et al. (2005) Phenotypic 
changes of adult porcine mesenchymal stem cells induced by prolonged 
passaging in culture. J Cell Physiol 205: 194-201.

20.	Wilson A, Shehadeh LA, Yu H, Webster KA (2010) Age-related molecular 
genetic changes of murine bone marrow mesenchymal stem cells. BMC 
Genomics 11: 229.

21.	Zeng X (2007) Human embryonic stem cells: mechanisms to escape replicative 
senescence? Stem Cell Rev 3: 270-279.

22.	Graakjaer J, Christensen R, Kolvraa S, Serakinci N (2007) Mesenchymal stem 
cells with high telomerase expression do not actively restore their chromosome 
arm specific telomere length pattern after exposure to ionizing radiation. BMC 
Mol Biol 13: 8:49. 

23.	Banfi A, Bianchi G, Notaro R, Luzzatto L, Cancedda R, et al. (2002) Replicative 
aging and gene expression in long-term cultures of human bone marrow 
stromal cells. Tissue Eng 8: 901-910.

24.	Baxter MA, Wynn RF, Jowitt SN, Wraith JE, Fairbairn LJ, et al. (2004) Study of 
telomere length reveals rapid aging of human marrow stromal cells following in 
vitro expansion. Stem Cells 22: 675-682. 

25.	O'Hare MJ, Bond J, Clarke C, Takeuchi Y, Atherton AJ, et al. (2001) Conditional 
immortalization of freshly isolated human mammary fibroblasts and endothelial 
cells. Proc Natl Acad Sci U S A 98: 646-651.

26.	Di Donna S, Mamchaoui K, Cooper RN, Seigneurin-Venin S, Tremblay J, et al. 
(2003) Telomerase can extend the proliferative capacity of human myoblasts, 
but does not lead to their immortalization. Mol Cancer Res 1: 643-653.

27.	Herbig U, Jobling WA, Chen BP, Chen DJ, Sedivy JM (2004) Telomere 
shortening triggers senescence of human cells through a pathway involving 
ATM, p53, and p21(CIP1), but not p16(INK4a). Mol Cell 14: 501-513.

28.	Di Leonardo A, Linke SP, Clarkin K, Wahl GM (1994) DNA damage triggers a 
prolonged p53-dependent G1 arrest and long-term induction of Cip1 in normal 
human fibroblasts. Genes Dev 8: 2540-2551.

29.	Ho AD, Wagner W, Mahlknecht U (2005) Stem cells and ageing. The potential 
of stem cells to overcome age-related deteriorations of the body in regenerative 
medicine. EMBO Rep.

30.	Janzen V, Forkert R, Fleming HE, Saito Y, Waring MT, et al. (2006) Stem-
cell ageing modified by the cyclin-dependent kinase inhibitor p16INK4a. Nature 
443: 421-426.

31.	Kiyono T, Foster SA, Koop JI, McDougall JK, Galloway DA, et al. (1998) Both 
Rb/p16INK4a inactivation and telomerase activity are required to immortalize 
human epithelial cells. Nature 396: 84-88.

32.	Campisi J (2005) Senescent cells, tumor suppression, and organismal aging: 
good citizens, bad neighbors. Cell 120: 513-522.

33.	Gu Z, Cao X, Jiang J, Li L, Da Z, et al. (2012) Upregulation of p16INK4A 
promotes cellular senescence of bone marrow-derived mesenchymal stem 
cells from systemic lupus erythematosus patients. Cell Signal 24: 2307-2314.

34.	Shibata KR, Aoyama T, Shima Y, Fukiage K, Otsuka S, et al. (2007) Expression 
of the p16INK4A gene is associated closely with senescence of human 
mesenchymal stem cells and is potentially silenced by DNA methylation during 
in vitro expansion. Stem Cells 25: 2371-2382. 

35.	von Zglinicki T (2002) Oxidative stress shortens telomeres. Trends Biochem 
Sci 27: 339-344.

36.	Pamplona R, Barja G (2007) Highly resistant macromolecular components 
and low rate of generation of endogenous damage: two key traits of longevity. 
Ageing Res Rev 6: 189-210.

37.	Choi KM, Seo YK, Yoon HH, Song KY, Kwon SY, et al. (2008) Effect of 
ascorbic acid on bone marrow-derived mesenchymal stem cell proliferation and 
differentiation. J Biosci Bioeng 105: 586-594.

38.	Wang H, Zhou W, Zheng Z, Zhang P, Tu B, et al. (2012) The HDAC inhibitor 

http://www.ncbi.nlm.nih.gov/pubmed/18074246
http://www.ncbi.nlm.nih.gov/pubmed/18074246
http://www.ncbi.nlm.nih.gov/pubmed/15121408
http://www.ncbi.nlm.nih.gov/pubmed/15121408
http://www.ncbi.nlm.nih.gov/pubmed/15121408
http://www.ncbi.nlm.nih.gov/pubmed/19561159
http://www.ncbi.nlm.nih.gov/pubmed/19561159
http://www.ncbi.nlm.nih.gov/pubmed/19561159
http://www.ncbi.nlm.nih.gov/pubmed/21257987
http://www.ncbi.nlm.nih.gov/pubmed/21257987
http://www.ncbi.nlm.nih.gov/pubmed/21257987
http://www.ncbi.nlm.nih.gov/pubmed/6994839
http://www.ncbi.nlm.nih.gov/pubmed/6994839
http://www.ncbi.nlm.nih.gov/pubmed/6994839
http://www.ncbi.nlm.nih.gov/pubmed/2070060
http://www.ncbi.nlm.nih.gov/pubmed/2070060
http://www.ncbi.nlm.nih.gov/pubmed/2070060
http://www.ncbi.nlm.nih.gov/pubmed/9027588
http://www.ncbi.nlm.nih.gov/pubmed/9027588
http://www.ncbi.nlm.nih.gov/pubmed/9027588
http://www.ncbi.nlm.nih.gov/pubmed/9027588
http://www.ncbi.nlm.nih.gov/pubmed/16765663
http://www.ncbi.nlm.nih.gov/pubmed/16765663
http://www.ncbi.nlm.nih.gov/pubmed/21249629
http://www.ncbi.nlm.nih.gov/pubmed/21249629
http://www.ncbi.nlm.nih.gov/pubmed/21249629
http://www.ncbi.nlm.nih.gov/pubmed/22430381
http://www.ncbi.nlm.nih.gov/pubmed/22430381
http://www.ncbi.nlm.nih.gov/pubmed/17901396
http://www.ncbi.nlm.nih.gov/pubmed/17901396
http://www.ncbi.nlm.nih.gov/pubmed/17901396
http://www.ncbi.nlm.nih.gov/pubmed/16283432
http://www.ncbi.nlm.nih.gov/pubmed/16283432
http://www.ncbi.nlm.nih.gov/pubmed/16283432
http://www.ncbi.nlm.nih.gov/pubmed/16283432
http://www.ncbi.nlm.nih.gov/pubmed/17540857
http://www.ncbi.nlm.nih.gov/pubmed/17540857
http://www.ncbi.nlm.nih.gov/pubmed/17540857
http://www.ncbi.nlm.nih.gov/pubmed/17540857
http://www.ncbi.nlm.nih.gov/pubmed/14315085
http://www.ncbi.nlm.nih.gov/pubmed/14315085
http://www.ncbi.nlm.nih.gov/pubmed/18493317
http://www.ncbi.nlm.nih.gov/pubmed/18493317
http://www.ncbi.nlm.nih.gov/pubmed/18493317
http://www.ncbi.nlm.nih.gov/pubmed/19405814
http://www.ncbi.nlm.nih.gov/pubmed/19405814
http://www.ncbi.nlm.nih.gov/pubmed/15880640
http://www.ncbi.nlm.nih.gov/pubmed/15880640
http://www.ncbi.nlm.nih.gov/pubmed/15880640
http://www.ncbi.nlm.nih.gov/pubmed/20374652
http://www.ncbi.nlm.nih.gov/pubmed/20374652
http://www.ncbi.nlm.nih.gov/pubmed/20374652
http://www.ncbi.nlm.nih.gov/pubmed/18026912
http://www.ncbi.nlm.nih.gov/pubmed/18026912
http://www.ncbi.nlm.nih.gov/pubmed/17565702
http://www.ncbi.nlm.nih.gov/pubmed/17565702
http://www.ncbi.nlm.nih.gov/pubmed/17565702
http://www.ncbi.nlm.nih.gov/pubmed/17565702
http://www.ncbi.nlm.nih.gov/pubmed/12542936
http://www.ncbi.nlm.nih.gov/pubmed/12542936
http://www.ncbi.nlm.nih.gov/pubmed/12542936
http://www.ncbi.nlm.nih.gov/pubmed/15342932
http://www.ncbi.nlm.nih.gov/pubmed/15342932
http://www.ncbi.nlm.nih.gov/pubmed/15342932
http://www.ncbi.nlm.nih.gov/pubmed/11209060
http://www.ncbi.nlm.nih.gov/pubmed/11209060
http://www.ncbi.nlm.nih.gov/pubmed/11209060
http://www.ncbi.nlm.nih.gov/pubmed/12861050
http://www.ncbi.nlm.nih.gov/pubmed/12861050
http://www.ncbi.nlm.nih.gov/pubmed/12861050
http://www.ncbi.nlm.nih.gov/pubmed/15149599
http://www.ncbi.nlm.nih.gov/pubmed/15149599
http://www.ncbi.nlm.nih.gov/pubmed/15149599
http://www.ncbi.nlm.nih.gov/pubmed/7958916
http://www.ncbi.nlm.nih.gov/pubmed/7958916
http://www.ncbi.nlm.nih.gov/pubmed/7958916
http://www.ncbi.nlm.nih.gov/pubmed/15995659
http://www.ncbi.nlm.nih.gov/pubmed/15995659
http://www.ncbi.nlm.nih.gov/pubmed/15995659
http://www.ncbi.nlm.nih.gov/pubmed/16957735
http://www.ncbi.nlm.nih.gov/pubmed/16957735
http://www.ncbi.nlm.nih.gov/pubmed/16957735
http://www.ncbi.nlm.nih.gov/pubmed/9817205
http://www.ncbi.nlm.nih.gov/pubmed/9817205
http://www.ncbi.nlm.nih.gov/pubmed/9817205
http://www.ncbi.nlm.nih.gov/pubmed/15734683
http://www.ncbi.nlm.nih.gov/pubmed/15734683
http://www.ncbi.nlm.nih.gov/pubmed/22820504
http://www.ncbi.nlm.nih.gov/pubmed/22820504
http://www.ncbi.nlm.nih.gov/pubmed/22820504
http://www.ncbi.nlm.nih.gov/pubmed/17569790
http://www.ncbi.nlm.nih.gov/pubmed/17569790
http://www.ncbi.nlm.nih.gov/pubmed/17569790
http://www.ncbi.nlm.nih.gov/pubmed/17569790
http://www.ncbi.nlm.nih.gov/pubmed/12114022
http://www.ncbi.nlm.nih.gov/pubmed/12114022
http://www.ncbi.nlm.nih.gov/pubmed/17702671
http://www.ncbi.nlm.nih.gov/pubmed/17702671
http://www.ncbi.nlm.nih.gov/pubmed/17702671
http://www.ncbi.nlm.nih.gov/pubmed/18640597
http://www.ncbi.nlm.nih.gov/pubmed/18640597
http://www.ncbi.nlm.nih.gov/pubmed/18640597
http://www.ncbi.nlm.nih.gov/pubmed/22112863


Citation: Feng G, Tan W, Gu Z (2013) Mesenchymal Stem Cells and Senescence. Clon Transgen 2: 104. doi:10.4172/2168-9849.1000104

Page  4  of 4

Volume 2 • Issue 1 • 1000104Clon Transgen
ISSN: 2168-9849 CTG, an open access journal

depsipeptide transactivates the p53/p21 pathway by inducing DNA damage. 
DNA Repair (Amst) 11: 146-156.

39.	Reya T, Clevers H (2005) Wnt signalling in stem cells and cancer. Nature 434: 
843-850.

40.	Zhang DY, Wang HJ, Tan YZ (2011) Wnt/ß-catenin signaling induces the aging 
of mesenchymal stem cells through the DNA damage response and the p53/
p21 pathway. PLoS One 6: e21397.

41.	Jäämaa S, Af Hällström TM, Sankila A, Rantanen V, Koistinen H, et al. (2010) 
DNA damage recognition via activated ATM and p53 pathway in nonproliferating 
human prostate tissue. Cancer Res 70: 8630-8641.

42.	Kajla S, Mondol AS, Nagasawa A, Zhang Y, Kato M, et al. (2012) A crucial role 
for Nox 1 in redox-dependent regulation of Wnt-ß-catenin signaling. FASEB J 
26: 2049-2059.

43.	Campaner S, Doni M, Hydbring P, Verrecchia A, Bianchi L, et al. (2010) Cdk2 
suppresses cellular senescence induced by the c-myc oncogene. Nat Cell Biol 
12: 54-59.

44.	Tremain R, Marko M, Kinnimulki V, Ueno H, Bottinger E, et al. (2000) Defects in 
TGF-beta signaling overcome senescence of mouse keratinocytes expressing 
v-Ha-ras. Oncogene 19: 1698-1709.

45.	Ito T, Sawada R, Fujiwara Y, Seyama Y, Tsuchiya T (2007) FGF-2 suppresses 
cellular senescence of human mesenchymal stem cells by down-regulation of 
TGF-beta2. Biochem Biophys Res Commun 359: 108-114.

46.	Hedrick SM (2009) The cunning little vixen: Foxo and the cycle of life and 
death. Nat Immunol 10: 1057-1063.

47.	Kops GJ, Dansen TB, Polderman PE, Saarloos I, Wirtz KW, et al. (2002) 
Forkhead transcription factor FOXO3a protects quiescent cells from oxidative 
stress. Nature 419: 316-321.

48.	Li X, Liu L, Meng D, Wang D, Zhang J, et al. (2012) Enhanced apoptosis and 
senescence of bone-marrow-derived mesenchymal stem cells in patients with 
systemic lupus erythematosus. Stem Cells Dev 21: 2387-2394.

http://www.ncbi.nlm.nih.gov/pubmed/22112863
http://www.ncbi.nlm.nih.gov/pubmed/22112863
http://www.ncbi.nlm.nih.gov/pubmed/15829953
http://www.ncbi.nlm.nih.gov/pubmed/15829953
http://www.ncbi.nlm.nih.gov/pubmed/21712954
http://www.ncbi.nlm.nih.gov/pubmed/21712954
http://www.ncbi.nlm.nih.gov/pubmed/21712954
http://www.ncbi.nlm.nih.gov/pubmed/20978201
http://www.ncbi.nlm.nih.gov/pubmed/20978201
http://www.ncbi.nlm.nih.gov/pubmed/20978201
http://www.ncbi.nlm.nih.gov/pubmed/22278940
http://www.ncbi.nlm.nih.gov/pubmed/22278940
http://www.ncbi.nlm.nih.gov/pubmed/22278940
http://www.ncbi.nlm.nih.gov/pubmed/20010815
http://www.ncbi.nlm.nih.gov/pubmed/20010815
http://www.ncbi.nlm.nih.gov/pubmed/20010815
http://www.ncbi.nlm.nih.gov/pubmed/10763827
http://www.ncbi.nlm.nih.gov/pubmed/10763827
http://www.ncbi.nlm.nih.gov/pubmed/10763827
http://www.ncbi.nlm.nih.gov/pubmed/17532297
http://www.ncbi.nlm.nih.gov/pubmed/17532297
http://www.ncbi.nlm.nih.gov/pubmed/17532297
http://www.ncbi.nlm.nih.gov/pubmed/19701188
http://www.ncbi.nlm.nih.gov/pubmed/19701188
http://www.ncbi.nlm.nih.gov/pubmed/12239572
http://www.ncbi.nlm.nih.gov/pubmed/12239572
http://www.ncbi.nlm.nih.gov/pubmed/12239572
http://www.ncbi.nlm.nih.gov/pubmed/22375903
http://www.ncbi.nlm.nih.gov/pubmed/22375903
http://www.ncbi.nlm.nih.gov/pubmed/22375903

	Title
	Corresponding author
	Abstract
	Keywords
	Characteristics of Mesenchymal Stem Cells  
	Main Characteristics of Senescent MSCs 
	Molecular Mechanisms of MSCs Senescence 
	Signalling Involved in MSCs Senescence 
	Acknowledgments
	Figure 1
	References



